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ABSTRACT

Serological studies on the immunogenic properties of biphemyl
bridge conjugates of paralytic shellfish poison and protein (PSP-azo~
biphenyl-azo-ovalbumin) indicate that antibodies produced by rabbits
were directed against the protein portion of che molecule and that the
PSP moiety did not possess haptenic properties.

A mathod of coupling PSP to p:..'ocein in an acid media through
the intermediate action of formaldehyde i{s also described, Evidence
is preoented which suggests that the PSP is only slightly alterad in
this synthesis.
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HAPTENIC PROPERTIES OF PARALYTIC SHELLFISH POISON
I. Introduction

In attempting to determine the haptenic ’p‘ropert:l.el_ of paralytic
shellfish poison (PSP) the primary investigative format has consisted
 of joining derivatives of the poison to the antigenic pr\_“toino followed ”
by a determination of the inﬁmnolog:leal and serological ;}obortiu of
the resulting product. Prior to this report these studies Me been
- substantially: limited to derivatives of PSP produced thro#gh the ra-“'
action of nitrous acid nnd coupled either to ovalbumin or bovine gamma
II globulin, Evidnnce collected on the 1munol.ogical propert:tea of
 such conjugates has revealed that they are capnble of euciting anci-'
body production in rabbits which may be demongtrated l?y“-prccipuip re~
uﬁioﬁl, inhibition tests, -k:ln teat’l,'n;! co‘np‘lminév-fli‘—ution cnt—i.’ ’ D
_n.pr.ani.e propetciu of the m—protun portion of the ccmjugntn, dtun-

l:i.ud PSP, were al.lo dmntratad by unnl of i.nhtbit:ln or praaipiti.n T

:-uet:im, complmnc fixation cutl and skin tucl. Honvcr, nom of
 the several. urolo;iul tcehntquu uploycd prwidnd any cmlul:l.n .
avidence that antibodies to uml.t‘.cmd PSP vwars produced. Accordi.nll.y, !
ol:har mm of coqjugut:inz Psy dorivativu to proteins have bnn investis.
si‘,ted. Studies on tha reaction between PSP and aromatic diasoniua salts
.§ave rise to a uthod of coupling through a tetrazotized benzidine 1nf:¢r-
" mediate deseribad in the previous quarterly report, This repert :lncludn

an imsunological evnluntion of conjugatn prapa:ed «n this manner amd a




II. Experimental

Immunological studies related to determining the antigenicity of PSP-

azo-biphenyl~azo-ovalbumin and biphenyl-azo-aglbumin,

PSP-azo-biphenyl-azo-ovalbumin and biphenyl-azo~ovalbumin were
prepared as described in the Fifth Q#a:::erly Rspert of Pregress (July-
September, 1961). The antigens were maintained in the frozen“ state
(-10°C.) anc.l‘used to immnize two series of four rabbits e@h, accord~
iﬁg to the s;ﬁedule shown in Table 1. The individual sera collected

from rabbite of both series were titrated against the two antigens to

determine the relative concentrations of precipitating antibodies present.’

The results of these primary titrations are given in Tables 2 and 3 and
reveal that relatively high titered sera were obtained. To differenti-
ate umonz the possible antibodies present in these sera, a series of
Ouchterlony gel-diffus:lon plates were prepared in which serum at a 1:5
dilution was allowed to react with the following antigens: PBP-azo-
lbiphnnyl-uo-walbumiw biphenyl-azo~ovalbumin; walbunin, biphenyl
amine; PSP; PSP-azo-biphenyl; PSP-ago-biphenyl-azo-bovine serum albumin;
aad biphenyl-azo-bovine serum albumin, The following ccmcentrations of
each antigen were employed: undiluted, 1:50, 1:100, 1:150, 1:200, and
.1:250, A single, continuous band of precipitate was formed with both
types of sera to PSP-azo-biphenyl-uo-wnlbtmin, biﬁhenyln'a_zo-walbumin,

and:'~ovglbuﬁh. No bands of precipitnta wei@ formed to the ramaining




five antigens, These results indficated that antibody had been formed
only to ovalbumin and the results depicted in Table 1 and 2 reflect
the reactfion of ovalbumin and its antibody. 1In view of the lack of
demonatrable précipitéting antibodies to PSP or its biphenyl &eriva-
tives, tests were performed to determine the presence of antibodies
capable of inhibiting the reactions of the sera to their homologous
antigens, Employing the inhibition procedure described in previous
reports, no inhibition of reaction was noted by the addition to the
gystems of PSP, biphenyl PSP, biphenyl amine, PSP-azo-biphenyl-azo-

- bovine serum albumin (BSA) and biphenyl-azo-BSA. The results obtained
with gerum 94 are characteristic of those observed and are presented
in Table 4,

.~ To determine the presence of passively transférablelprotective
antibodies in the sera, a series of protection tests were performed with
mice, employing the procedure butlined in the Fourth Quarter;y Report of
Progress. The mice were challenged with 0.5 jug. of PSP contained in
1,0 ml, of sterile, distilled water. Ali mice in both the protected
and unprotected groups which received toxin died within 4.0 to 5,5 -

minutes, indicating the abssnce of protective antibodies in the sera.

A méthod for con]dgatigg PSP with proteins under awftle conditions,

In all previous prep.rations for PSP conjugated proteins it has
been necessary to subject the resction mixtures to neutral or weskly
alkaline conditions for varying lemgths of time, Although nb@direct
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evidence has been developed to show the extent of structural change
undergone by PSP, the immunological investigations and coxicity studies
indicate that substantial changes do occur. In view of thease observations
it was determined that future preparations of PSP-protein conjugates
should meet the following two prerequisites: (a) PSP should at no

time prior to injection be subjected to a pH higher then 4.5 and (b}

tha chemical reac;ioﬁ ugsed in the coupling shpuld be of the“simplelt
possible nature. In an effort to satisfy thése requiremanta'invantiga-
tions into the feasibility of couplimg PSP to proteins by the inter-
mediate action of formaldehyde show promise. By this methed Fraeqkel-
Conrat and Olcott (J.A.C.S. 70:2673~84. 1948) were able to couplé

simple primary amides and substitute guanidines to bﬁvine serum albumin
at an optimum pH of 4.2, iheee workers poétulated that' the coupling

is effected by the imtroduction of a methyleme bridge between free
primary amine groups on the protein and the primary amide or guanido

nitrogen of the substance being coupled.

o
Protein « NHy + HCHO + HoN=-C-R Protein - NH ~ CHy - NH - u - R
, T %m,) mommn> .
Eﬁ o (or) |
HyR-C ~ Protein - NH - CH, = NH « ’-m
N MR

Since it is posaible to obtain guanidine and/or g-guenidoprepionic acid
as degradation products of PSP, it is not unreasonable to expect PSP

to ‘be veective - I such a coupling scheme, It has been found in

« 4 -



toxicity studies on dialysates of reaction mixtures containing PSP,
protein and formaldehyde that PSP does in fact couple to bovine serum
albumin (BSA) under these conditions. BSA was chosen as the protein
in these experiments, since it has a high primary amine content (65-70
groups per molecule), and the primary amine has been postulated to be
‘the reactive protein group in this procedure. The general coupling
procedure used to date consists of dissolving 50 mg BSA in 4,0 ml
0.1 M acetate buffer at pH 4.2, adding 0.5 ml of a 5% solﬁtion of
formaldehyde and making the solution up to 5.0 ml by additiom of 0.5
ml of & PSP solution containing 1,92 mg/ml. This reaction mixture
is thenm alla;ed to set at 25°C. for 72 hours. The flnalureaction
mixture contains 0.5% formaldehyde. Table 5 shows the effeéc oflform-
aldehyde concentration and time of reaction on the extent of coﬁﬁling.
It is evident from Table 5 that a reaction time of 72 hrs, with a
formaldehyde concentration-of 0.5% produces entirely éatisféctory re=
:sults, Increasing the reaction time serves to cause clouding of the.
procein uolution without significantly increasing the smount Qf‘PSP
coupled, -Th; pdiaou'may be Quantitatively coupled by 1ncr¢auingttha“
formaldehyde conqentratioﬁjéo 1.9%; however, such a high conccntrqtion
 of formaldehyde causes the protein to form a hard éall, n;kins 1t unde-~
sivabla for use in immunological work, ” o
deicity data show that the coupling of PSP to BSA in the presence
of formaldehyde is to pome extent reversible., There has been mo attempt

to recover all the PSP from & coupling preparation, and such an attempt
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may not be feasible at this stage, simce it has been found that form-
aldehyde in 0,57 concentration causes a 487 loss in the toxicity of
PSP by &n unknown mechanism, The quantitative recovery of PSP will
be attempted when more is known about this detoxification. For pur-
poses of determing the extent of coupling and reversibility, allowance
was made for formaldehyde detoxification by the use of selected control
solutions. The following is a description of a typical preparatien of
PSP conjughted BSA and the maonner in which analytical data was obtained,
The reaction mixture and appropriate control solution were wade
up as described in Table 6,
The solutions were made up to 5,00 ml with water and allowed
to react 72 hrs. at 25°C. At the end of this time the solutions were
washed into cellophane dialysis bags with five milliliter aliquots of
water, The dialysis bagﬁ wcréAplaced in 50 ml screw cap tubes and
covered with 10 ml of water each., These solutions were then dialysed

on the shaker for 3.5 hours at 25°C, These dialysis conditions had

previously been established to be sufficient for the attainment of
equilibration of PSP, The toxicity of the reaction mixture dislysate

ufwaj 6.12 ug PSP/ml and that of the control dialysate was 33.5 ug PSP/ml,

Comparison of these toxicities indicates that 827% of the available PSP
had heen couplgd to BSA. Thelraaction and control solutiona still
contmined in the cellophane bags were again dialyzed under ideniicll
conditions except that the time waps increased to one weak., Assay of

thgaé second dialysates was expected to reveal that they wera just
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half as toxic as the firat dialysates. The expected result was obtaimed
in the case of the control; however, in the case of the reaction mix-
ture the second dialysate was more toxic than the first, thus inﬂicating
that an equilibrium was involved, and that removal of free poison from
the reaction mixture by dialysis caused a reversal of the coupling
reaction, The ratio of the toxicity of the second dialysate to :hat of
the first was 1.45 for the reaction mixture and G.44 for the comtrol.
The expected ratio vas 0,50, Subsequent experiments of the same type -
revealed the game effect, and the results are shown in Table 7. The
databin Table 7 show that for the comtrol solutions the ratio of the
toxicity of the second dialysate to that of the first was 0.50 + 0,06
in every case as anticipated. However, in the cases of all the reac-
tion mixtures, this ratio was significantly higher. These findings
suggest that PSP enters into a reveraible reaction with formaldehyde
and protein. |

A different experimental approach afforded further evidence that
an equilibrium is imvolived in the coupling reaction. ‘The cellophans
dialysis bags containing che.reaation mixture and control solution
were dialyzed against 500 ml 0,001M acetic acid at pH 4 for aix hours,
The acetic acid was renewed after three hours dinlycii, and bloassay
of the dialysate at the end of six hours indicated mo toxiecity, One
ml. of the comtents of aach of the cellophane dialysis bags vaslinjacta
into each of two mice immediately following dialysis, Nonegef'the four

mice appeared to be affected, On the basis of the known aﬁbuut of poison

-7 =



added to the test golutions and on the amount of polsom found in fhe
dialysates, it can be reliably calculated that the mice injacted with
one‘milliliter of the dialyzed reaction mixture raceived 70-72 ug, each,
Apparently PSP is non-toxic when conjugated to protein. In order to
establish whether an equilibrium is inmvolved in this conjugation, the
dialyzed solutions were allowed to set overnight at 25°C. and were &
again checked for toxicity as before. Sufficient PSP had become un~
coupled ovemigﬁt: to cause death timcs of 2' 03" and 4' 17" in the

mice injected with the reaction mixture containing PSP, HCHO and BQA.
The control solution was non-toxic .as before, '.I.‘hil is further widcnce.
that an equilibrium resction is involved in the coupling.

117, PROJECTED RESEARCH FOR THIRD QUARTER FY 1962

7 Rasehrch to be undertaken during Third Quarter FY 1962 will
incui”lude (1) immumnological and serological studies on the ,conj{:gaces
of PSP andvptot:e:l.n coupleﬁ under actdic conditibns as duct;ibadwha'reih,
(2) deavelopment of more rigorous evidence concerning the physical and
chemical nature of the protein poison conjugate and (3) ,furtl'{ar a‘aad;;"
on the nature of the chemical reaction between PSP and the vgx:,i,ouq ‘:g"ﬂ

agents uaed in producing derivatives for purpose of coupling, o

IV. PREPARATION OF PURIFIED SHELLFISH POISON

In accordance with the extendad inter-agency agreement for FY 1962

a contract with the State of Alaska Department of Health and Welfare has

-~ 8 -
[



been completed and signed for the collection of toxic ciam siphons,

It is expected collection will begin as soon as weather and tidal
conditions permit. The modification of the Food Chemistry laboratories
necessary for the isolation end purification of Psp from clam liphcﬁs

hss also heen completed,



Table 1.

Immunization schedule for rabbits receiving intravenous injections of

PSP=azo-biphenyl-azo-ovalbumin and biphenyl-azo-ovalbumin

Day " Dose
1 1,0 ml,
3 - 1.0 ml.
5 | 1.0 ml,
7 1,0 ml,
9 | 1,0 ml,
11 1,0 ml,
19 _ Bled
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Table 5,

Preparation No. | % Formaldehyde Time of Rx % Coupling
I 0.10 48 hrs. 23
1T 0.50 48 hrs, 52
III 0.50 72 hrs. 82
_\_,\
Tablc 60‘
o {
y
Reaction Mixture ; ~ Comtrol Selution

i

4,00 ml, acetate buffer (O.1M, pH 425 | 4.00 ml, acetate buffq\r (0.1 %, pH 4.29]
0,050 ml., PSP solution (19,2 mg/ml) 0,050 ml, PSP-lolut:lou\“(19.2‘wg/n1)
0.50 ml. 57 formaldehyde : 0.50 ml. 5% formaldehyde

50 mg. BSA (boviee serum albumin) No Protein




Table 7,

|
]
1

; Length of Dialysi ‘Toxicity of 2nd
Solution Date of ?reparatign M Toxicity of 1at
| Reaction Mixture ' 12-13-61 ] 3 hr, 72 hr, 0.75
Containing - 12-18-61 - | 3.5 he,  Lwk I L
PSP4HCHO+BSA 12:22-61 | 24 hr. 24 he, 0.76
“Comtrol - 12-13-61. 3br. - ' 72 b, 0.54
Containing 3.5 1wk 0.44
PSP+ICHO 24 br, 24 hr, 0,49
e
{
N



